I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Inflammatory arthritis is caused by a series of different rheumatoid diseases and nonrheumatoid diseases. The three of most common types are rheumatoid arthritis (RA), psoriatic arthritis (PsA), and ankylosing spondylitis, of which the etiologies are still unknown to clinicians. The arthritis is marked by deformity of joints as a result of erosions of bones and cartilages, leading to disability and reduced work capacity, thus becoming a significant burden of both individuals and society.\[[@ref1]\] Because of these severe consequences, early diagnosis of inflammatory disease seems to be crucial to optimal therapeutic management.\[[@ref2]\] Contrast-enhanced ultrasound (CEUS), a new technology of ultrasound imaging, has been widely employed clinically nowadays, in the supplementary diagnosis of hepatic tumors, pancreatic lesions, and cardiovascular diseases, leveraging the conventional ultrasound platforms for clinical use. It can also be applied to the assessment of inflammatory arthritis, which has been reported by a series of studies.\[[@ref3][@ref4]\] Through showing the exact vascular patterns of the lesions, CEUS may be an excellent tool in the early diagnosis and therapeutic monitoring of inflammatory arthritis, offering a new way for the clinicians. Nevertheless, the diagnostic role of CEUS of this series of diseases is still under debate, and more clinical studies are required.
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Conventional radiography is the fundamental imaging method of inflammatory arthritis. With the development of modern imaging modalities, computed tomography (CT) and magnetic resonance imaging (MRI) are also used in this kind of disease, especially MRI, which can provide more detailed information about soft tissues than CT by applying a variety of scanning sequences. Moreover, the diagnostic value of ultrasound of arthritis is also verified by recent studies.

By showing some unspecific features of impaired joints, such as tissue swelling, dislocation of fat pads, narrowing of articular space, and bone destructions, conventional radiography can indicate the advanced phase of inflammatory arthritis and help assess the degree of the disease. According to the 1987 American College of Rheumatology (ACR) classification criteria of RA, conventional radiography was regarded as one of the essential techniques for the diagnosis and classification of RA.\[[@ref5]\] Nevertheless, in early RA, it is hard to find obvious changes in the conventional radiography. For this reason, the 2016 version of ACR criteria laid stress on the important status of MRI and ultrasound in the early diagnosis of RA.\[[@ref6]\]

MRI provides excellent imaging information about soft tissues, and it has been considered as the gold standard of lesions in synovium by clinicians.\[[@ref7]\] Early and occult erosions can be detected by MRI, especially in small joints, such as carpal bones. By presenting multiplanar visualization, minor changes of soft tissues can be detected by MRI before clinical manifestation.\[[@ref8]\] In a prospective study focusing on the diagnostic value of MRI in detecting early RA, a sensitivity of 96% and an accuracy of 94% were reported, which appeared to be much higher than the clinical assessment.\[[@ref9]\] Additional information about vascularization of focal lesions can be obtained by contrast-enhanced MRI (CE-MRI).\[[@ref10]\] This may indicate angiogenesis of early RA, showing high enhancement pattern.\[[@ref11]\] Moreover, the use of quantitative MRI assessment of synovitis can be a valuable method in early diagnosis, as well as follow-up of RA.\[[@ref12]\]

Ultrasound has been widely used in the evaluation of musculoskeletal diseases in recent years. In the meanwhile, its value and reliability have been corroborated by many studies and clinical practice.\[[@ref13]\] Conventional B-mode ultrasound can be used to estimate the degree of synovial inflammation by measuring the thickness of synovial lining. Color Doppler ultrasound (CDUS) and power Doppler ultrasound (PDUS) can depict hyperemic part of the lesions, providing evidence about vascularization of the inner joints.\[[@ref14]\] Ultrasound is also able to detect cartilage and bone erosions, as well as tenosynovitis.\[[@ref15][@ref16]\] In recent years, researchers have set up several semi-quantitative and quantitative scoring systems of musculoskeletal ultrasound for more accurate evaluation of inflammatory arthritis, and high associations between these systems and disease activity were confirmed.\[[@ref13][@ref17]\] Nevertheless, CDUS and PDUS have limited ability to detect the blood flow within small vessels. The signal intensities of small vessels are lower than noises from movements of peripheral tissues, which will be filtered out by the wall filter devices. This kind of slow blood flow is often occurred with the process of angiogenesis in the inflamed synovium, so CDUS and PDUS are not sensitive enough to diagnose inflammatory arthritis within the small joints.
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Techniques of performing contrast-enhanced ultrasound {#sec2-1}
-----------------------------------------------------

The contrast agents currently utilized in CEUS are microbubbles, made up by gas bubbles, and stabilized by a shell. These tiny microbubbles are smaller than red blood cells, which thereby can be introduced into the vascular system, and keep stable during the whole process of examination. With the stabilization from the shells, the agents are capable to achieve better backscatter enhancement and longer duration in the bloodstream. In combination of contrast-specific ultrasound modalities, intra-articular vascularization and parenchymal perfusion can be demonstrated by separating contrast agent signals from tissue-derived signals.\[[@ref18]\] The second-generation agents which have been most commonly used are the following three ones: SonoVue^®^, Definity^®^/Luminity^®^, and Sonazoid^®^.\[[@ref19]\] Some contrast-specific imaging techniques have been developed and applied in the CEUS imaging, the representatives of which are pulse inversion imaging and harmonic imaging. For instance, nonlinear harmonic B-mode imaging can identify the echo of contrast agents from that of solid tissues and can also provide a real-time imaging.

In most of the recent studies about inflammatory arthritis, the second generation of contrast agent, SonoVue, was commonly used. The agents were injected with the dosage of 4.8 ml\[[@ref20][@ref21][@ref22][@ref23]\] or 2.4 ml,\[[@ref24]\] reconstituted by a 10 ml saline solution. And, a linear transducer, ranging from 4 to 12 MHz, was required for contrast imaging. The mechanical index (MI) was set at the low level of \<0.15, to obviate the occurrence of bubble destructions, which can create a strong, transient echo, disturbing the normal imaging process. Relatively lower acoustic pressure was also selected for optimizing the detection of flow perfusion, set at about 45 kPa.\[[@ref22]\] In recent studies, contrast-tuned imaging technology (CnTI) was emerged in evaluating the results of CEUS imaging. CnTI permitted the transmission of the frequencies of microbubbles and filtered out irrelevant signals caused by surrounding tissues. After bolus injection, an examination window was allowed for about 3--5 min,\[[@ref20]\] and 2 min of examination window was also adopted by some studies.\[[@ref21]\] For better stability, finger joints were immersed in the water during CEUS examinations in some researches.\[[@ref25]\]

The joints selected for contrast-enhanced ultrasound {#sec2-2}
----------------------------------------------------

Small joints were more frequently chosen by the studies for the evaluation of inflammatory arthritis. For instance, all the small joints, metacarpophalangeal, metatarsophalangeal, proximal interphalangeal, wrist, elbow, and knee joints, were detected by Cai *et al*. to investigate the value of CEUS in the assessment of RA activity.\[[@ref26]\] Some studies focused on one joint for each patient, such as wrist, knee, and elbow.\[[@ref24][@ref27]\] Other studies selected two kinds of joints or more, with an interval of 30 min for each examination, and also got positive results.\[[@ref28]\]

There is also a research confirming that the vascularization can be shown in the inflamed sacroiliac joints with inflammatory arthritis by CEUS, which presents high negative predictive value of the evaluation of low back pain.\[[@ref29]\] A recent study in 2016 paid attention to the special diagnostic value of CEUS in the patients of PsA with hip involvement. It turned out that CEUS might indicate coxitis, providing more information for disease activity and making treatment planning.\[[@ref30]\] The studies proved that not only small joints but also large joints, such as hip joints, can be performed with CEUS for the appraisal of disease severity.

It is still hard to determine how many and which joint should be focused on for more accurate outcomes, and further validations are needed.

Quantitative analysis of contrast-enhanced ultrasound {#sec2-3}
-----------------------------------------------------

As increased clinical application of CEUS, standardization of CEUS imaging is required for better evaluation of a variety of diseases,\[[@ref31]\] including joint lesions. CEUS analysis can be subjective, or semi-quantitative, or quantitative. Because of the limitations of CEUS caused by personal experiences of the examiners and the different solutions of machines and imaging techniques, quantitative analysis of CEUS in the inflammatory arthritis may be of great value to achieve a more comprehensive assessment.

Recently, a commercial software, Qontrast^®^ (Qontraxt, Amid and R&D, Bracco, Milan, Italy), was put into the use for quantitative analysis of CEUS. After an intravenous injection of the contrast microbubbles, a time-intensity curve (TIC) in the region of interest (ROI) is displayed by this software, showing an S-shaped wash-in and a nearly exponential wash-out.\[[@ref32]\] \[[Figure 1](#F1){ref-type="fig"}\].

![Time-intensity curve in the region of interest. T~0~: time zero offset; TTP: time to peak; MTT: mean transit time; PEAK: peak intensity; SI(t) = SI peak × \[(t/TTP)^β×\ TTP^ e^-β\ ×\ (t-TTP)^\].](CMJ-130-1722-g001){#F1}

The common parameters calculated by the software are listed as follows:\[[@ref33]\] (1) time zero offset: the start of TIC curve uprising after the bolus injection, not directly relevant to perfusion kinetics, (2) time to peak: the time from the start to the maximum intensity, (3) peak intensity: maximal intensity of the ascending side, (4) area under the curve (AUC): the area under the TIC curve and is proportion to blood volume in parenchymal tissue, and (5) slope: the inclination of the curve.

Most of the studies applied Tp, MTT, and AUC of the TIC curve of ROI for the quantitative evaluation of CEUS.\[[@ref22][@ref24][@ref34][@ref35]\] Another study conducted by Klauser *et al*. applied SI ration to assess the procedure of the enhancement.\[[@ref20]\]
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Synovitis is the most essential pathological abnormality of inflammatory arthritis. It is of great significance to find out synovitis to establish the diagnosis of arthritis and undertaking early treatment.

The pathologic features of synovium in RA can be listed as follows: hyperplasia of synovial lining cells, infiltration of inflammatory cells, neoangiogenesis, and fibrin deposition.\[[@ref36]\] These histologic characteristics are the foundations of the synovial changes of different imaging techniques, which can be seen directly. Moreover, recent studies showed that the images depicted by CEUS were highly related to the pathology of RA.

The vascular endothelium, one of the key mediators in RA, gives rise to the proliferation of capillaries from the preexistent vessels in the local synovium through several complicated pathways, leading to intra-articular vascularization. This process is called neoangiogenesis, which is a vital biochemical event causing the following pathophysiologic alterations in RA. And, the hypertrophied lining layers are nourished by these newly formed vessels.\[[@ref37]\] The hypertrophied synovium, referred to as pannus, mediates the destruction of bones and cartilages, and causes joint instabilities and deformities, correlated with disease activity.\[[@ref38]\] Pannus formation is the basic pathogenesis of RA and can be figured out by the detection of vascularization. In conclusion, the abnormal intra-articular vascularization and high density of capillaries are important indicators of RA.\[[@ref39]\]

As for other types of arthritis, similar features have also been confirmed, such as vascularization, focal hyperemia, hypertrophic lining, and pannus, which are all found in the samples of PsA.\[[@ref40]\] In PsA, researchers observed the proliferation of tortuous vessels from early phases to chronic courses.\[[@ref40][@ref41]\]

The contrast agent circulates through the capillary beds and persists in the blood pool, generating high-intensity signals which can be detected by the transducer, in that CEUS shows a great sensitivity to microvascularization. Based on this property of CEUS, the inflamed joints of different histologic features can be all detected by CEUS. Moreover, several studies have verified that CEUS findings were in accordance with histopathologic changes of inflammatory arthritis.

In an animal experiment in 2012, different doses of ovalbumin were injected into the knee joint of 36 rabbits, establishing an animal model of RA of different disease activities. CEUS was performed to measure the synovial thickness, and the result was compared with histological examinations. Statistical correlation between thickness measured by CEUS and pathological scores was found, which proved that CEUS may be efficient in the diagnosis of RA in the animal models.\[[@ref42]\]

Fiocco *et al*. examined the refractory knee joints of 32 patients with PsA by CEUS. The patients underwent arthroscopic biopsies and immunohistochemical staining of CD45, CD31, and CD105 markers a week later, which were used as effective indexes for vessel density. To analyzing the vascular perfusions of the examined joints, some parameters were evaluated: regional blood flow, peak of the C-signal intensity, beta (β) perfusion frequency, refilling time, and slope. The result demonstrated a statistically significant relevance between refilling time and CD31^+^ tissues. Peak and density of CD105^+^ vessels are also proved to be correlated with each other. Meanwhile, the morphologic changes of arthritis, such as formation of small and disorganized vessels, inflammatory cell infiltration, and synovial hypertrophy, were detected within the sampled tissues. This research revealed that the perfusion kinetics of CEUS, such as refilling time, peak intensity, regional blood flow, and slope, are associated with focal angiogenesis. It was supposed by the authors that CEUS could be a new choice for showing the vascular pattern of PsA, and quantitative analysis could be performed for more information.\[[@ref41]\]

CEUS also helps differentiate synovitis and joint effusions, by demonstrating enhancement patterns of intra-articular vascularization in synovitis.\[[@ref43]\] Apart from synovitis, other specific histological features of inflammatory arthritis, such as bursal involvement, tendon lesions, and bone erosions, can also be detected by CEUS.

Synovial hyperplasia, which cannot be delineated by PDUS, may be demonstrated clearly on CEUS. CEUS has the ability to show the impaired synovium and measure the synovial thickness for further evaluation.\[[@ref44]\]
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Almost all the studies using the software mentioned above for quantitative analysis of CEUS affirmed the role of quantitative CEUS evaluation in monitoring the disease activity and confirmed the advantages of quantitative CEUS in the assessment of inflammatory arthritis.

A study performed by Klauser *et al*., focusing on the comparison between subjective CEUS and computer-aided quantitative CEUS analysis, found that the quantitative analysis of CEUS was significantly correlated with both subjective CEUS and subjective PDUS (*P* \< 0.05), concluding that computer-aided quantitative CEUS might be an important objective tool in the evaluation of RA and other similar lesions.\[[@ref20]\] As it has been mentioned above, a study conducted by Fiocco *et al*. compared quantitative CEUS with histopathological and morphologic evaluation of synovial microvasculation in patients with PsA and revealed a significant correlation between refilling time and CD31^+^ vessel density, also the peak and CD105^+^ density.

A study in 2015, written by Tamas *et al*., performed CEUS in the radiocarpal and intercarpal joints of the patients with early RA and wrist involvement, demonstrating that the maximum parameters of TIC curves decreased significantly after 6 months' treatment, which had high baseline in the beginning. The research concluded that these parameters of quantitative CEUS analysis could be promoted in the clinical for diagnosing EA and monitoring the therapeutic effect as follow-up.\[[@ref24]\] Zhang *et al*. also put forward a similar view by comparing quantitative parameters of CEUS and clinical laboratory tests in the patients with RA.\[[@ref35]\] A research in 2014 applied quantitative CEUS to the evaluation of enthesitis of SpA. It concluded that quantitative analysis of CEUS is superior to conventional US in the assessment of enthesitis of SpA.\[[@ref34]\]

The common strategy of quantitative CEUS analysis is to perform at level of the ROI. The TICs and kinetic perfusion parameters are obtained by analyzing several large regions in this way. Rizzo *et al*. considered that this ROI-based method could be operator dependent and might miss out some spatial information of CEUS; for the distribution of blood flow, signals were not homogeneous in the chosen region. Hence, they performed the CEUS at a pixel-based level on the patients with a variety of different causes of inflammatory arthritis. The kinetic parameters were derived from analyzing the information separately pixel by pixel, taken the whole inflamed area into account. The statistical analysis proved the pixel-based method to be more accurate and comprehensive in assessing RA, and it could figure out RA from other kinds of arthritis by picturing different kinetic perfusion patterns.\[[@ref21]\]

Fiocco *et al*. also utilized this new approach of pixel-based level to process the data of CEUS imaging and analyze the vascular perfusion of synovium in the patients with PsA. A linear relationship was discovered between some of the parameters of quantitative CEUS and the frequencies of CD161^+^, interleukin (IL)-17^+^, IL-23^+^, and CD4^+^ Th17 cells. The research further illustrated that the quantitative CEUS of pixel-based level can be helpful in the management of synovitis.\[[@ref45]\]
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By delineating specific enhancement patterns of microvascularization, CEUS can get better accuracy in the detection of vascularity than nonenhanced US, and several studies in the past 10 years have proved its superiority.\[[@ref26][@ref43]\]

It has been confirmed that CEUS can detect the intra-articular vascularization of the joints affected by RA, and the diagnostic values are relatively high, compared to PDUS and conventional ultrasound. In a retrospective study, there were 22 patients with RA undergoing CEUS with low MI, along with conventional B-mode ultrasound. And, CEUS did better than B-mode US, in differentiating synovitis and joint effusions, by demonstrating enhancement pattern of intra-articular vascularization in synovitis.\[[@ref43]\] Another research conducted by a group of German scientists, performed CEUS, PDUS, and conventional US in the patients of RA, and evaluated the efficacy of these methods, using MRI results as the standard. A higher correlation rate of CEUS with MRI scoring was demonstrated in this study, which indicated a superior sensitivity of CEUS in detecting synovitis.\[[@ref46]\]

There are also researches indicating that CEUS can do better in diagnosing RA-affected joints and evaluating inflammatory activity than PDUS. A multicenter study figured out that the measurement of synovial thickness could be more accurate by means of CEUS, compared with PDUS, thus assisting the detection of vascularized synovial proliferation.\[[@ref23]\]

Song *et al*. compared different imaging methods in assessing synovitis activity in the patients with knee osteoarthritis, including conventional B-mode ultrasound, PDUS, CEUS, and CE-MRI. Positive findings were found in 95% of CEUS, compared to 82% of MRI and 63% in PDUS, verifying that CEUS might have a higher sensitivity than both PDUS and CE-MRI in detecting synovitis activity.\[[@ref47]\]

Nevertheless, some studies did not demonstrate the advantages of applying CEUS in the assessment of inflammatory arthritis. And, in the present study, the correlation between vascularization and disease progress has not been confirmed. The further application of CEUS in the role of managing inflammatory arthritis requires more researches.
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Early arthritis {#sec2-4}
---------------

Several studies have suggested that histological involvement of joints can be found in the early stage of RA, and the tissue changes evolve with the disease activity.\[[@ref48][@ref49]\] A study compared the samples of synovial tissues of newly diagnosed patients with RA (\< 1 year), with the samples from patients with RA of more than 5 years' duration. And synovial lining hyperplasia and synovial inflammation were evident in both group.\[[@ref48]\] Another research performed biopsy samplings on the unaffected knees of 20 patients with RA, who had arthritis elsewhere, with no symptoms of arthritis. Histological changes were observed in all samples.\[[@ref49]\] It has been approved broadly that there are minor synovial changes in early RA indicating disease activity before clinical signs, and it is of great significance to detect these changes by a more convenient means.

Hyperemia of local synovial tissues is found in the early arthritis, as well as microvascular changes.\[[@ref50]\] Angiogenesis is reported to be the earliest sign of RA and other inflammatory rheumatoid diseases. These are the features that can be shown clearly by CEUS. A study recruited 11 patients diagnosed with early RA. Synovial hypertrophy was found by gray-scale ultrasound in these patients. The wrist joints were evaluated by CEUS, and TIC was then analyzed. High baseline values of AUC and peak were detected in the focal lesions.\[[@ref24]\]

Nevertheless, the most difficult problem is that there is no standard enhancement pattern of joints in CEUS to define the abnormal changes, because of the lack of relevant researches and data. More experiments or retrospective researches are needed for establishing the threshold between normal pattern and lesioned ones.

Disease activity {#sec2-5}
----------------

By showing the angiogenesis of the lesioned joints, inflammation in the joints can be detected by CEUS sensitively, which has been revealed by several studies about the topic.

An early study in 2002 performed contrast-enhanced Doppler ultrasound and unenhanced Doppler ultrasound in 198 finger joints of 46 patients with RA and 80 healthy joints of 10 volunteers. It turned out that enhancement pattern during arterial phase was shown in 49% of inactive RA, 98% of moderately active RA, and 100% of active RA. The author concluded that the CEUS improved the detection rate of intra-articular vascularization and might be useful in differentiating active RA with inactive RA (*P* \< 0.001).\[[@ref51]\]

The examinations of C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) are two important clinical laboratory tests in the assessment of inflammatory arthritis, which are correlated with disease activity. A study in 2015 performed quantitative CEUS in the small joints of 39 patients with RA, and compared the kinetic parameters with the level of CRP and ESR. The result confirmed the statistical association of the CEUS parameters, AUC and PI, with biochemical tests.\[[@ref26]\]

The concentrations of vascular endothelial growth factor (VEGF) will rise up during the inflammatory process of RA within the affected joints.\[[@ref52]\] The correlation of VEGF and disease activity has also been emphasized by early studies. The tissues with angiogenesis also express VEGF, and the level of VEGF is related to microvascular density.\[[@ref53]\] Thus, the molecular imaging of VEGF or other markers may help assess the disease activity with higher accuracy and sensitivity. Therefore, VEGF-targeted microbubbles may permit depiction of the degree of vascular formation, thus assessing the disease activity.

Therapeutic monitoring {#sec2-6}
----------------------

There are several studies monitoring therapeutic efficacy after a specific therapy of inflammatory arthritis by CEUS, applying quantitative or semi-quantitative analysis system, and the results showed that CEUS might be a sensitive method to monitor the disease progress and therapeutic efficacy of inflammatory arthritis.\[[@ref24][@ref27][@ref54][@ref55]\] \[[Table 1](#T1){ref-type="table"}\].

###### 

The researches focusing on the role of CEUS in the therapeutic monitoring of inflammatory arthritis

  Author                           Disease           Therapy                                                   Analysis method                                              Numbers of patients   Results
  -------------------------------- ----------------- --------------------------------------------------------- ------------------------------------------------------------ --------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------
  Tamas *et al*.                   RA                Conventional synthetic drugs                              Time-intensity curves parameters                             11                    Peak and AUC decreased following the treatment
  Cozzi                            PsA               Mud-bath therapy, TNF inhibitors                          The count of swollen (ACR 66), tender (ACR 68), and AJC      36                    A significant appearance delay and faster washout was observed in the therapeutic group
  Bonifati *et al*.                PsA               Anti-TNF drugs                                            The count of swollen (ACR 66), tender (ACR 68), and AJC      25                    A significant reduction of all clinical variables including CEUS
  Song *et al*.                    SpA and RA        Intra-articular glucocorticosteroids                      The slope values by time-intensity analysis                  2                     A remarkable improvement of clinical and CEUS parameters in patient 1, and elevated parameters in patient 2
  Salaffi *et al*.                 RA                Intra-articular injection of triamcinolone hexacetonide   Median values of the area underlying time-intensity curves   18                    Synovitis activity was highly associated with changes of the value of the area underlying time-intensity curves. The values are also correlated to CRP
  Ohrndorf *et al*.                RA                TNF-α block therapy                                       Enhancement, slope and semi-quantitative assessment          15                    CEUS showed the best sensitivity in detecting the changes after the therapy among all the imaging techniques applied in the research
  Maria-Magdalena Tămaş *et al*.   Early arthritis   Conventional synthetic drugs                              Peak, slope, AUC of TIC                                      11                    Peak and AUC significantly decreased during the treatment with the remission of the symptoms

RA: Rheumatoid arthritis; TNF: Tumor necrosis factor; ACR: American College of Rheumatology; AJC: Active inflamed joints; AUC: Area under the curve; TIC: Time-intensity curve; CEUS: Contrast-enhanced ultrasound; CRP: C-reactive protein; PsA: Psoriatic arthritis.

Some new therapies such as biological attack can cause angiogenesis, by inducing immune reaction and inflammatory factors cascade. CEUS may play a vital part in monitoring the progress of these new therapeutic strategies, for its specificity in detecting the microvascularization.

L[IMITATIONS]{.smallcaps} {#sec1-8}
=========================

One of the most major limitations of CEUS in the assessment of inflammatory arthritis is that there is always only one joint can be once examined, and the examined joints have to be determined by grey-scale ultrasound and PDUS. Some studies perform CEUS for further evaluation after GS and PDUS find out the lesioned joint. If more joints need to be inspected, it will take relatively more time for performing CEUS in all those locations.

Another important limitation is the deficiency of standard of normal articular perfusion patterns of CEUS. The threshold of normal and inflammatory joints and the degree of inflammatory devastation are not well established. More researches on CEUS and arthritis should be carried out to verify the specificity and efficacy of CEUS and standardize its analysis system.\[[@ref44]\]

A[DVANTAGES]{.smallcaps} {#sec1-9}
========================

Ultrasound is remarkable for its low price, compared with CT and MRI. Although the price of CEUS is higher than conventional GS and CDUS, it is still more economical than MRI. Real-time imaging and availability of bedside application are also main characteristics of ultrasound, as with CEUS.

Moreover, the contrast agents applied in CEUS are confined to vascular space, and will not leak into the synovial fluid, or be rapidly cleared out from vessels. And, there is no evidence showing side effects of the contrast agents of CEUS, compared with the contrast agents of CT and MRI, which are proved to have impacts on liver and renal function. Therefore, CEUS is supposed to be an ideal tool for vascular imaging, especially within small circulations.
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Apart from CEUS, there are some new imaging technologies combining optical and ultrasonic imaging, such as diffuse optical imaging (DOI) and photoacoustic imaging (PAI). These methods provide us with new ways to assess the inflammatory arthritis through detecting vascularization of the tissues.

Diffuse optical imaging {#sec2-7}
-----------------------

DOI is an important optical imaging modality and has a wide use in brain functioning imaging and breast tumor imaging. Studies have found its potential significance in the diagnosis of articular diseases.\[[@ref56][@ref57]\] Several studies have verified that DOI can show the detailed structures in the joints, such as synovium, bones, vessels, and tendons, all can be identified in the DOI. By discriminating oxygenated hemoglobin and deoxygenated hemoglobin, DOI can provide information about focal vascularization and metabolic functions of the anatomic structures.\[[@ref58]\] This feature of DOI suggests that it may have an advantage in detecting arthritis.

Photoacoustic imaging {#sec2-8}
---------------------

PAI, a sophisticated imaging modality, has been rapidly developing over the recent years.\[[@ref59]\] With the detection of hemoglobin, tiny vasculature can be delineated, and hypoxia areas can also be found by PAI.\[[@ref59][@ref60]\] On account of this property of PAI, it is able to differentiate inflammatory arthritis and normal joints and may have further application in disease activity scoring and therapeutic monitoring. And, there are a number of animal experiments, as well as clinical studies confirming the assumption.\[[@ref61]\] In the recent years, some studies carried out PAI in the finger joints of patients with arthritis and made comparisons with healthy people. The results were consistent with the animal experiments, and PAI was proved to be a very promising tool for the assessing and monitoring of inflammatory arthritis.\[[@ref62][@ref63][@ref64]\]

Superb microvascular imaging {#sec2-9}
----------------------------

Superb microvascular imaging (SMI) is a brand-new imaging technique based on gray-scale and CDUS imaging, which has been a research hotspot in these 2 years. The major characteristics of SMI are the capacity of depicting microvasculatures marked with very low velocities, which cannot be detected by CDFI, or may be confused with artifacts arising from tissue motions.\[[@ref65]\] Therefore, the diseases closely related to angiogenesis can get diagnosed by SMI in an early phase. The applications of SMI in breast, thyroid, and hepatic malignancies have been presented by recent researches.\[[@ref65][@ref66][@ref67][@ref68]\] Although the uses of SMI in rheumatoid diseases have not been involved in published researches, it can be supposed that SMI may show high sensitivity in the assessment of inflammatory arthritis.

AngioPLUS {#sec2-10}
---------

AngioPLUS is also an innovative CDUS technique focusing on visualizing slow vessel flows. Malignant lesions and inflamed joints with microvascularization may be indicated via an advanced imaging algorithm of AngioPLUS, without the need for injecting contrast agent. AngioPLUS may also be a superior substitute for CEUS and worth clinical promotion.

C[ONCLUSIONS]{.smallcaps} {#sec1-11}
=========================

There are a series of imaging modalities for the assessment and classification of inflammatory disease, including conventional radiography, CT, MRI, and ultrasound. All these techniques are proved to play an essential role in the overall management of the disease. In the last decade, the highly developed CEUS has been applied in the imaging assessment of arthritis by some researchers. And, the results showed the special value of CEUS in the early diagnosis of arthritis, grading the disease activity, and therapeutic monitoring. The principle of CEUS imaging in inflammatory arthritis is based on the demonstration of vascularization of the focal tissues. In addition, quantitative analysis of CEUS may further the diagnostic value. However, there are still limitations of CEUS for clinical application in terms of lacking of clinical standard and so on. Therefore, more researches need to be done on it. In parallel, some fast-developing imaging techniques, such as DOI, PAI, SMI, and AngioPLUS, may also provide new ways for this topic.
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